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Saquatucket Harb@SegmentMA96-23 2A2) is impaired for pathogens and
is listed in category 4a (TMDL completed) of the 2012 MA Integrated List of
Waters. Saquatucket, Alld8egment MA9&5 2016)and Wychmere
(MA96-96_2016)Harbors were found to be impaired for nutrients during the
MEP study and will be listed in a future List of Waters as impaired.

Data Sources:  University of MassachusetisDartmouth/School for Marine Science and

Technology; US Geologat Survey; Applied Coastal Research and
Engineering, Inc.; Town dflarwich

Data Mechanism: Massachusetts Surface Water Quality Stand@madient Data, and Linked

Watershed Model

Monitoring Plan: Town of Harwichmonitoring programwith technicalassistance from

SMAST)

Control Measures: Sewering Stormwater Management, Fertilizer Use Bylaws, Attenuation by

Impoundments and Wetlands



Executive Summary
Problem Statement

Excessive nitrogen (N) originating from a range of sources has added to the impairment of the
environmental quality athe Allen, Wychmere and Saquatucket HastitmbaymenSystens.
Excessive Nsindicated by:

Undesirable increases in macro algae

Periodc extreme decreases in dissolved oxygen concentrations that threaten
aquatic life

Reductions in the diversity of benthic animal populations

Periodic algae blooms

T
T
T
T

With proper management Bfinputs these trends can be reversed. Without proper nraeage
more severe problems might develop, including:

1 Periodic fish kills

1 Unpleasant odors and scum

1 Benthic communities reduced to the most sttekrant species, or in the worst
cases,
near loss of the benthic animal communities

Coastal communities Igeon clean, productive, and aesthetically pleasing marine and estuarine
waters for tourism, recreational swimming, fishing, and boating, as well as for commercial fin
fishing and shellfishingFailure to reduce and control N loadirgmildresult inan

overabundance ahacrcealgae, a higher frequency ettreme decreases in dissolved oxygen
concentrations anfish kills, widespread occurrence of unpleasant odors and visible scum, and a
complete loss of benthic macroinvertebrates throughout most efitbeeyments As a result of

these environmental impacts, commercial and recreational usdemfWychmere and
Saquatucket Harbowsill be greatly reduced.

Sources of Nitrogen
Nitrogen enters the waters of coastal embayments from the following sources:

1 The watershed
A Natural background
A SepticSystems
A Runoff
A Fertilizers
A Wastewater treatment facilities
1 Atmospheric deposition
1 Nutrientrich bottom sediments in the embayments



FiguresESA- ES-C belowillustrate specific sourcesf N and the percerdontributions of each
Values are based on Table-E&nd Table V3 from theMassachusetts Estuaries ProjédEP)
Technical Reporthttp://www.oceanscience.net/estuaries/document}.Mst of the present
controllable load to this system comes from septic systems
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Figure ES-A: Percent Contributions of All Nitrogen Sources toAllen Harbor Embayment
System
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Figure ES-B: Percent Contributions of All Nitrogen Sources to Saquatucket Havor
Embayment System
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Figure ES-C: Percent Contribution of All Nitrogen Sources to the Wychmere Harbor
Embayment System
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Target Threshold N Concentrations and Loadings

The N loadings (the quantity &f) to these harbosystens rangel from 1.84kg/day inAllen

Pond Streanto 18.23kg/day inSaquatucket Harbpwith a total loadfor Allen, Wychmere and
Saquatucket harb@mbaymensystems 01.9.94, 17.93 and 32.6&) N/day; (including
atmospheric deposition and benthic contributioregpectively The resultant concentrations of N
rangeal from 0.6730.819 mg/L in AllenHarbor, 0.5360.812mg/L in Wychmere Harbor and
0.658mg/L in Saquatucket Harb@range of average yearly means collected f8xstations

during 20A-2008 as reported iTable VI1 ofthe MEP Technical Repgrand included in
Appendix A of this repojt

In order to restore and protecee three harb@mbayment systesnN loadings, and
subsequently the concentrations of N in the water, must be reduced to levelshostotat
cause the observed environmental impactss Nitoncentration will be referred to as tlaeget
thresholdN concentration The Massachusetts Estuaries Project (MEP) has determindxy that
achievinga N concentration of 80 mg/L at sentinel statiotHAR-2 in Saquatucketiarbor,
sentinel station HARB in Wychmere Harbor and sentinel station HAR Allen Harbor(see
Figure7), water and habitat quality will be restoriedhese systemsrhe mechanism for
achieving tle target threshol® concentratioais to reduce the N loadings to tatersheds of
the harbor embaymesystems Based on the MEBampling and modeling analysasd their
Technical Report, thBIEP studyhas determined th#te Total Maximum Daily Loads (TMDL)
of N that will meet the target threshold ddncentratiorof 0.50 mg/Lrange from 1.06 to 11.58
kg/day. This calls fora reduction of Z1 83% N loadingwithin theharborsubvatershedsind

41- 43% reduction of N loading within thebutary subwatersheds ofdachof major surface water
sourcesThis documenpresents the TMDLSs for this water body system and provides guidance to

Vi



the watershed community of Harwich on possible ways to reduce the N loadings to within the
recommended TMDL and protect the wateftheseembayment systes

Implementation

The primary goal oTMDL implementation will be lowering the concentrations of N by greatly

reducing the loadings from esite subsurface wastewater disposal systbnosigh a variety of

centralized or decentralizedethods such as sewering and treatment with N removal technology,
advanced treatment of septage, and/or installationrefdNcing orsite systemsimplementing

best management practices (BMPs) to reduit@adings fronfertilizers and runoffvhere

possiblewill also help to lower the total N load to these systeRstential nethods foreduéng

N loadings fronthese sourceasreoutlinedi n det ail i n the AMEP Embaym
Guidance for | mpl e meavatlablé an heMaSsDEPamvetesigi es 0 t hat i
http://www.mass.gov/eea/agencies/massdep/water/watersheds/cesstatesand

estuaries.htmlThe appropriateness of any of the alternativéisdepend on local conditions and

will have to be determined on a cdsgcase basis using an adaptive management appribaish.

adaptive management approach will incorporate the priorities and concepts included in the

updated area wide management plstalgished under the Clean Water Act Section 208.

Finally, growth withinthe Town of Harwichthat would exacerbate the problems associated with
N loadings should be guided by considerations of water qtaddgciated impacts.

vii
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Introduction

Section 303(d) of the Federal Clean Water Act requires each state (1) to identifytattars

not meeting water quality standamisd (2) to establish Total Maximum Daily Loads (TMDLS)

for such waters for the pollutants of concern. The TMDL allocagtablishes the maximum

loadings (of pollutants of concern) from all contributing sources that a water body may receive
and still meet and maintain its water quality standards and designated uses, including compliance
with numeric and narrative standardshe TMDL development process may be described in

four steps, as follows:

1. Determination and documentation of whether or not a water body is presently meeting its
water quality standards and designated uses.

2. Assessment of present water quality ¢omas in the water body, including estimation of
present loadings of pollutants of concern from both point sources (discernable, confined, and
concrete sources such as pipes) andpwnt sources (diffuse sources that carry pollutants to
surface waterditough runoff or groundwater).

3. Determination of thassimilativeloading capacity of the water body. EPA regulations
define the loading capacity as the greatest amount of loading that a water body can receive
without violating water quality standardH.the water body is not presently meeting its
designated uses, then the loading capacity will represent a reduction relative to present
loadings.

4. Specification of load allocations, based on the loading capacity determination,-for non
point sourcesrad point sources that will ensure that the water body will not violate water
quality standards.

After public comment and final approval by the EPA, the TMDL will serve as a guide for future
implementation activitiesThe MassDEP will work with theraterdhiedtown of Harwichto

develop specific implementation strategies to reduce N loadings, and will assist in developing a
monitoring plan for assessing the success of the nutrient reduction strategies.

In theAllen, Wychmere and Saquatucket Habembaynentsystemsthe pollutant of concern

for these TMDLs(based on observations of eutrophication) is the nutrient nitrogen. Nitrogen is
the limiting nutrient in coastal and marine waters, which means that as its concentration is
increased so is the amountpdéint matter. This leads to nuisance populations of aigae and
increased concentrations of phytoplankton and epiphytoch impairsthe healthy ecology of

the affected water bodies.

The TMDLsfor total N for theAllen, Wychmereand Saquatucket Hawls embaymentsystems

arebased primarily on data collected, compiled and analyzed by University of Massachusetts

Dart mout héds School of Mar i ne€oastatSystemsRrograandd Tec hr
the Town ofHarwich Harbor Master Departmesd part 6the Massachusetts Estuaries Project

(MEP). The data were collected over a study period froml #@@ugh 208. This study period

wi | | be r efpesenced dt oi as s O heportdintelit eontdind thé most

recent data available. The accompanying MEP Technical Report can be found at



http://www.oceanscience.net/estuaries/reports.iitme MEP Technical Report preserits t

results of the analyses of the coastal embayment systeng the MEP Linked Watershed
EmbaymentN Management Model (Linked Model). The analyses were performed totassist
watershed communitwith decisions on current and future wastewater planmegand

restoration, anadromous fish runs, shellfisheries, -gpaese and harbor maintenance programs.

A critical element of this approach is the assessment of water quality monitoring data, historical
changes in eelgrass distribution, thseries watecolumn oxygen measurements and benthic
community structure that was conducted on this embayment. These assessments served as the
basis for generating a N loading threshold for use as a goal for watershed N management. The
TMDLs arebased on the site spic N threshold generated forabeembaymerd Thus, the

MEP offers a scienebased management approach to support the wastewater management
planning and decisiemaking process ithewatershed communitof Harwich

Description of Water Bodies andPriority Ranking

TheAllen, Wychmere and Saquatucket Habenbaymensystemsarelocatedwithin the

Town of Harwichon thesoutherrshore ofCape CodMassachusetts bounded by barrier beaches
fronting Nantucket SoundAll of the watershed of thesesystemsncluding the estuary portien
areentirelylocated withinthe Town of Harwich making Harwich the sole municipal steward of
these small estuarine syste(Bge Figurel and 3.

Saquatucket Harbor, Wychmere Harbor atidn Harborare all relatively simplestuaries that
have each been anthropogenically altered over time to varying degrees. Alllatees single

tidal outlet through which tidal exchange with Nantucket Sound occurs. Wigxdeption of

Allen Harbor that has a sati tributary basin near the inlet and a salt marsh dbela€l, the other

two systems are comprised of a single basin.

The open water area of these estuase®0 acres in all cases (Wychmere, 1@dlen,19ac;
Saquatucket, 12ac) placing thamong thesmaller embayments of southeastern. Massachusetts.
Each estuary exchanges tigadters with Nantucket Sound through inlets that have been "fixed"
by jetties, althouglmaintenance dredging is required to maintain maximum tidal flows. All three
estuaries arcatedin the Chatham Outwash Plain, comprised of sandgeawtls, chiefly pre
Wisconsin deposits. The result is permeable soils with little runoff gedracable groundwater
aquifer, with aerobic waters. Between each estuarine basin and

the soundabarrier beach has developed from deposited sands and gravels. For the MEP
analysis, the open water basin of each system is the principal estuarine basin in the modeling
thresholds analysis, as it is the main receptor of watershed inputs and sugpargoth

estuarine habitats.

The WychmereAllen, and Saquatucket Harbors are shallow, ~3m, ~2m andre3pectively
and vertically well mixed, with only periodic stratification. Salt marsimanly found within

Allen and Saquatucket Harbors, but higtally the basinsupported a much greater emergent
marsh area. Saquatucket Harbor Wwactionally a tidal salt marsh with a central tidal river until
1968 when it was dredged to cretite present harbor basillen Harbor still supports a
moderately gied and relatively healthy salt marsh in its northern reach, which exchaaigpss
with the main basin.


http://www.oceanscience.net/estuaries/reports.htm

Mostwatershed freshwater and nutrients enter these three estuaries vigreithevater or
surface water to varying degrees depending osykem, and all thregystems contain marine
waters diluted by thedeeshwater inflows. In the case of Saquatuc¢katbor, there are two
significant surface water inflow<old Stream Brookrom thenorthwest andast Saquatucket
Streamfrom thenortheast that discharge to theeadwaters with addition&leshwater inflow
entering through groundwater discharge directly to the harbor perimetenthast, all the
freshwater entering the Wychmere Harbor system is via direct grouncseafeage, as thereea
no significant surface inflows to this systeflen Harbor shows amtermediate condition, with
a relatively small surface water inflow, an-obamed creek passinoder Kildee Roagreferred
to as Allen Pond Stream in the MEP Technical Report artdsnmMDL Report) but with most
freshwater entering the system directly via groundwditaharge.

Theseembayment systesitonstitute an important component of the eretdral and cultural
resources. The nature of enclosed embayments in populoasségings two opposing
elements to bear: 1) as protected marine shoreline, they are popular regions for boating,
recreation, and land development; and 2) as enclosed bodasenf they may not be readily
flushed of the pollutants that they receive tuéhe proximity and density of development near
and along their shores. In particular, &lken, Wychmere and Saquatucket Harbareat risk
of further eutrophication from high nutrient loads in the groundwater and runoff from their
watersheds Saquatucket Harbas already listedn the MA 2012 Integrated List of Waters in
Category 4a indicating a TMDlor pathogen$ias been completédable ). Pathogens are
listed in Table 1 for completeness. Further discussion of pathogens is beyond ¢éhef shisp
TMDL.

Table 1: Harwich MEP Study Waterbodies in Category 4a of the MA 2012 Integrated List

(MassDEP2013)
Name Water Body Descrintion Size Pollutant
Segment P Listed
Saquatucket South of Row 28 to confluence with .
Harbor MAS6-23_2012 Nantucket Sound, Harwich 0.02sqmi  -Pathogens

Complete descriptioof theseembayment systesrarepresented in Chapters | and IV of the

MEP Technical Report. A majority of the informatipresented herie drawn from this report.
Chapters VI and VIl of the MEP Technical Report provide assessment data that show that the
Allen, Wychmere and Saquatucket Harbsystens areimpaired because of nutrients, low
dissolved oxygen levels, elevated chloroplyvels, and benthic fauna habit@ble 2
identifiesthe segmemow in Category 4a of the 2012 Integrated List of WatgrMassDEP

with a completed pathogen TMDind additional segments that were observed to be impaired
through the MEP analysisThese sementswill be listed as impairefor nutrientsin afuture

MA IntegratedList of Waters



Table 2: Comparison of Impaired Parameters for the HarwichHarbors

Name

DEP Listed Impaired
Parameter

SMAST Listed
Impaired Parameter

-Nutrients
-DO level
-Chlorophyll
-Benthic fauna

-Nutrients
-DO level
-Chlorophyll
-Benthic fauna
-Nutrients
-DO level
-Chlorophyll
-Benthic fauna

Allen Harbor --

Wychmere Harbor --

Saquatucket Harbol Pathogens

The embaymestaddressed by this documdratve beenletermined to béhigh priorityd based

on three significant factors: (1) the initiative that Treevn of Harwichhas taken to assess the
conditions of the entire embayment systé?) the commitment made by tt@vn to restorehe

Allen, Wychmere an@aquatucket Harbarand (3) the extent of impairment in tAéen,

Wychmere and Saquatucket Harbsystens. In both marine and freshwater systems, an excess

of nutrients results in degraded water quality, adverse impacts to ecosystems and limits on the
use of water resources. Observations are summarized in the Problem Assessment section below
and detailed in Chapter VII, Assessment of Embayment Nutrient Related Ecological Health of

the MEP Technical Report.
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Figure 2. Locus map of Allen Harbor, Wychmere Harbor and Saquatucket Harbor
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Problem Assessment

Water quality problems associated with development within the watersheds result primarily from
septicsystems and from rungfihcluding fertilizers.

The water quality problems affecting nutriemtriched embayments generally include periodic
decreases of dissolved oxygen, decreased diversity and quantity of benthic animals, and periodic
algae blooms. In the most severe cases hatst@radation could lead to periodic fish Kills,
unpleasant odors and scums and near loss of the benthic community and/or presence of only the
most stresgolerant species of benthic animals.

Coastal communities, includirtgarwich rely on clean, producste and aesthetically pleasing

marine and estuarine waters for tourism, recreational swimming, fishing and boating, as well as
commercial fin fishing and shell fishing. The continued degradation of this coastal embayment,
as described above, will signiéintly reduce the recreational and commercial value and use of
these important environmental resources.

Figure 3 shows how thgearroundpopulation ofHarwichhas grown fronjust over 2000

people in 1940 tover12,000people in 2Q0 (http://www.census.gov/data.htil Increases in

N loading to estuaries are directly related to increasing development and population in the
watershed.H a r w i pophl@tisn has increassdk-fold in the pas?0 years The watershesiof
Allen, Wychmere and Saquatucket Harbloave had rapid and extensive development of single
family homes and the conversion of seasonal into full time residences. Summer occupancy
increases by thre®ld in some areag.hisincreag in population contributes to a decrease in
forests and an increase in septic systems, runoff from impervious surfaces and fasélizer

Figure 3: Resident Population forHarwich
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Habitat and water quality assessments were conducte@sgethbayment systesiased upon
water quality monitoring data, changes in eelgrass distribution;g@mes water column oxygen
measurements and benthic community structaineen the configuration of each of the harbors
and the relatively similar depths efch(generally 2ra3m), these systems almost certainly have
similar sensitivities to nitrogeanrichment and organic matter loading. The MEP evaluation of
habitat quality supported Bach harbor considers the natural structure of each system and its
ability to support eelgradseds and the types of infaunal communities that they support. At
present, Saquatucket Harb@'ychmere Harbor andllen Harbos are supporting moderately to
significantlyimpaired habitat quality throughout the open watsins (Tale 3). Impairments
indicated by the structure of the benthic communities, periodic oxdgeletion and high levels
of chlorophylla and typical concentrations of total nitrogen of 60682 mg N /L in the basin
waters.There is no evidence that thesebayments were ever supportive of eelgress.each
harbor, all of the health indicators suppodoasistent assessment as presented below

Table 3: General Summary of Conditions Related to the Major Indicators of Habitat
Impairment Observed in Saquatucket Harbor, Wychmere Harbor, andAllen Harbor
Embayment Systems

Harwich Harbor Embayment Systens
Health Indicator Allen Harbor Saquatucket Wychmere

Main Basin | Creek Harbor Harbor

Dissolved Oxygen Ml SI MI-SI Ml
Chlorophyli MI-SI Sl Sl SI-SD

Macroalgae - MI-SI - MI

Eelgrass - - - -
Infaunal Animals MI-SI Si MI-SI MI-SI
Overall MI Sl Ml -SI Ml -SI

H - Healthy Habitat Conditions*

MI i Moderatdy Impaired*

Sli Significantly Impaired considerably and appreciably changed from nowoabitions*
SDi Severe Degradedcritically or harshly changed from normal conditibns

* -These terms are mor e f ulSpecificdNéregenrThréskoltls for Southead®ernr e p o r t

f

[«

-

Massachusetts Embayments:2,2003i tical I ndi catorso December

http://www.mass.gov/eea/agencies/massdep/water/watershemsitisachusetisstuariegrojectkmep.html

- drift algae sparse @bsent
-- no evidence this basin is supportive of eelgrass



http://www.mass.gov/eea/agencies/massdep/water/watersheds/the-massachusetts-estuaries-project-mep.html

Pollutant of Concern, Sources, and Controllability

In the coastal embayments of the TowrHafwich, as in most marine and coastal waters, the
limiting nutrient isN. Nitrogen concentratiortiseyond those expected naturally contribute to
undesirable conditions including the severe impacts described,dbaegh the promotion of
excessive growth of plants and algaeluding nuisance vegetation.

The embaymestaddresseth this TMDL reporthave had extensive data collected and analyzed
through the Massachusetts Estuaries Program (MiER)ingcooperation and assistance from
theUniversity of MassachusettSMAST, Town of HarwichNatural Resources Departmettie

US Geological SurveyApplied Coastal Research and Engineering, Inc and the Cape Cod
Commission.Data collection included both water quality and hydrodynamics as described in
Chapters I, IV, V, and VII of the MEP Technical Report.

Figures 4 - 6 illustrate the sources of N #len, Saquatucket and WychmedtarborEmbayment
SystemsMost of the N affecting #ssesystens originates fronon-site subsurface wastewater

disposal systems (septic systemE)h e | ev el of Acontrollabilityodo
widely:

Atmospheriadepositiofi Although helpful, local controls are not adequateis only through
region and natioawide air pollution control initiatives that significant reductions are feasible,
however the N from these sources might be subjected to enhanced atdmztion as it moves
towards the estuary.

Fertilizeri Fertilizer and related N loadings can be reduced through best management practices
(BMPs), bylaws and public education.

Agriculturali related N loadings can be controlled through the applicati@agricultural BMPs.

Impervious surfaces and storm water rursaffirces of N can be controlled égplyingBMPs,
bylaws and stormwater infrastructure improvements and public education

Septic systensources o can be controlled by a variety ofseespecific methods including:
sewering and treatment at centralized or decentralized locations, transporting and treating
septage at treatment facilities with N removal technology either in or out of the watershed, or
installing N-reducing opsite wastewter treatment systems.

WWTF T the Town of Harwich does not have a centralizedte water treatment facility
(WWTF) however The Snow Inn maintains its own treatment facility. The leach fields for this
facility are located within the watershed for Wychimélarbor near the channel that connects
this harbor to Nantucket Sound.

Cost/benefit analyses will have to be conducted on all possible N loading reduction
methodologies in order to select the optimal control strategies, priorities and schedules.



Figure 4: Percent Contribution of All Nitrogen Sources to theAllen Harbor Embayment
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Figure 5: PercentContribution of All Nitrogen Sources tathe Saquatucket Harbor
Embayment System
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Figure 6: PercentContribution of All Nitrogen Saurces tothe Wychmere Harbor
Embayment System
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Description of the Applicable Water Quality Standards

The water quality classificatiaof thesaltwater portionsf Allen, Wychmere, Saquatucket Harbor
embayment systenmeeSA, and the freshwater portions of the systane classified aB. Water

quality standards of particular interest to the issues of cultural eutrophication are dissolved oxygen,
nutrients, aesthetics, excess plant biomass and nuisance vegdtagdvizssachusetts water

quality standards (314 CMR 4.0) contain numeric criteria for dissolved oxygen but have only
narrative standards that relate to the other variables, as described below:

314 CMR 4.05(5)(a) stateBAesthetics All surface waters shall beee from pollutants in
concentrations or combinations that settle to form objectionable deposits; float as debris, scum,
or other matter to form nuisances; produce objectionable odor, color, taste, or turbidity; or
produce undesirable or nuisance spegidss aquatic | ife. o

314 CMR 4.05(5)(b) statefBottom Pollutants or Alteration#ll surface waters shall be free

from pollutants in concentratisior combinations or from alterations that adversely affect the

physical or chemical nature of the bottonteifiere with the propagation of fish or shellfish, or
adversely affect populationsofnomo bi | e or sessil e benthic organ

314 CMR 4.05(5)(c) stategiNutrients. Unless naturally occurring, all surface waters shall be
free from nutrients in conceamations that would cause or contribute to impairment of existing or
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designated uses and shall not exceed the site specific criteria developed in a TMDL or as
ot herwise establishedéo

314 CMR 4.05(b) 1:

Class SA

Dissolved Oxygen

a. Shall not be legkan 6.0 mg/L unless background conditions are lower;

b. Natural seasonal and daily variations above this level shall be maintained.

Class B

Dissolved Oxygen

a. Shall not be less than 6.0 mg/l in cold water fisheries and not less than SrOwagfhwater
fisheries

b. Where natural background conditions are lower, DO siwlbe less than natural background
conditions. Natural seasonal and daily variatithrad are necessary to protect existing and
designated uses shall be maintained.

Thus, the asessment of eutrophication is based ongpiecific information within a general
framework that emphasizes impairment of uses and preservation of a balanced indigenous flora
and fauna. This approach is recommended by the US Environmental Protection igbeay

draft Nutrient Criteria Technical Guidance Manual for Estuarine and Coastal Marine Waters
(EPA-822-B-01-003, Oct 2001). e Guidance Manual notdékat lakes, reservoirs, streams and
rivers may be subdivided by classes, allowing reference conslitor each class and facilitating
costeffective criteria development for nutrient management. However, individual estuarine and
coastal marine waters tend to have unique characteristics and development of individual water
body criteria is typically regjred.

Methodology - Linking Water Quality and Pollutant Sources

Extensive data collection and analyses have been described in detail in the MEP Technical
Report. Those data were used by SMAST to assess the loading capacity of each embayment.
Physical (Chapter V), chemical and biological (Chapters IV, VII, and VIII) data were collected
and evaluated. The primary water quality objective was represented by conditions that:
1) Restore the natural distribution of eelgrass because it provides védiahitk for shellfish

and finfish
2) Prevent algal blooms
3) Restore and preserbenthic communities
4) Maintain dissolved oxygen concentrations that are protective of the estuarine communities.
The details of the data collection, modeling and evaluatioprasented and discussed in
Chapters 1V, V, VI, VIl and VIII of the MEP Technical Report. The main aspects of the data
evaluation and modeling approach are summarized below

The core of the Massachusetts Estuaries Project analytical method is the Liafezdhédkl

Embayment Management Modeling Approach. It fully links watershed inputs with embayment
circulation and N characteristics, and is characterized as follows
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ARequires site specific measurements within the watershed and easimisayment;
AuUses reabksstmat @bastf N-ude ¢as apgoset to mads vétla ¢ h
buit-i n fisafety
factorso |ike Title 5 design | oads);
ASpatiaIIy distributes the watershed N loading to the embayment;
AAccounts for N attenuation during transpt the embayment;
Alncludes a 2D or 3D embayment circulation model depending on embayment structure;
Aaccounts for basin structure, tidal variations, and dispersion within the embayment;
Aincludes N regenerated within the embayment;
Als validated bypoth independent hydrodynamic, N concentration, and ecological data;
Als calibrated and validated with field

The Linked Model has been applied previously to watershed N managergat 0
embaymentshus farthroughout Southeastern Massachusetts. In these applications it became
clear that the model can be calibrated and validated and has use as a management tool for
evaluating watershed N management options.

The Linked Model, when properly calibrdtand validated for a given embayment becomes a N
managemenplanning tool as described in the model overview below. The model can assess
solutions for the protection or restoration of nutreziated water quality and allows testing of
management scenas to support cost/benefit evaluations. In addition, once a model is fully
functional it can be refined for changes in lars or embayment characteristikso, since the
Linked Model uses a holistic approach that incorporates the entire watershagnent and

tidal source waters, it can be used to evaluate all projects as they relate directly or indirectly to
water quality conditions within its geographic boundarikshould be noted that this approach
includes highkorder, watershed and sutmteshed scale modeling necessary to develop critical
nitrogen targets for each major sefmbayment. The models, data and assumptions used in this
process are specifically intended for the purposes stated in the MEP Technical Report, upon
which this TMDL is baed. As such, the Linked Model process does not contain the type of data
or level and scale of analysis necessary to predict the fate and transport of nitrogen through
groundwater from specific sources. In addition, any determinations related to direct and

mmedi ate hydrologic connection to surface

Model process.

The Linked Model provides a quantitative approach for determining an embayment's (1) N
sensitivity, (2) N threshold loading levels (TMDL) and (3pense to changes in loading rate.

The approach is fully field validated and unlike many approaches, accounts for nutrient sources,
attenuation and recycling and variations in tidal hydrodynamics (Figticé the MEP

Technical Report). This methodolomegrates a variety of field data and models, specifically:

A Mo n i- mdtiryeanegnbayment nutrient sampling

A Hydrodynamics

- Embayment bathymetry (depth contours throughout the embayment)
- Site-specific tidal record (timing and height of tijles
- Water velocity records (in complex systems only)
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- Hydrodynamic model

A WwWatershed Nitrogen Loading
- Watershed delineation
- Stream flow (Q) and N load
- Land-use analysis (GIS)
- Watershed N model

A Emb ay me+Syntha@si D L
- Linked WatershedEmbayment Nitrogen Model
- Salinity surveys (for linked model validation)
- Rate of N recycling within embayment
- Dissolved oxygen record
- Macrophyte survey
- Infaunal survey (in complex systems)

Application of the Linked Watershed-Embayment Model

The approach developed by the MEP for applying the linked model to specific embayments, for
the purpose of developing target N loading rates, includes:

1) Selecting one or two seembayments within the embayment system located close to the
inland-most reaclor reaches which typically has the poorest water quality within the
system. These are called Asentinel d statioc

2) Using sitespecific information and a minimum of three years ofenoibaymenspecific
data to select target threshold N concentrationsdoh sukembayment. This is done by
refining the draft target threshold N concentrations that were developed as the initial step
of the MEP process. The target threshold N concentrations that were selected generally
occur in higher quality waters netiie mouth of the embayment system;

3) Running the calibrated water quality model using different watershed N loading rates to
determine the loading rate that will achieve the target threshold N concentration at the
sentinel station. Differences between thedeled N load required to achieve the target
threshold N concentration and the present watershed N load represent N management
goals for restoration and protection of the embayment system as a whole.

Previous sampling and data analyses and the modsdingties described above resulted in four
major outputghat were critical to the development of the TMDILwo outputs are related i
concentration:

1 the present N concentrations in the-aumbayments
1 dte-specific target threshold N concentrations

And, two outputs are related kdloadings:

14



1 the present N loads to the seimbayments
71 load reductions necessary to meet the site specific target N concentrations

In summarymeeting the water quality standards by reducind\tltencentration (and thus the
N load) at the sentinel stations)ll result inthe water quality goalseingmet throughout the
entire system.

A brief overview of each of the outputs follows

Nitrogen concentrations in the embayment

a) Observedonpoeseni ons:

Table 4 presents the average concentrations of N measureg@ e¢mbaymeistfrom eight

years of data collectioly the Harwich Water Quality Monitoring Progrg@001 through 2008).
The overall means arglandard deviations of the aveeagare presented in Appendix t&Ken

from Table VI1 of the MEP Technical Report). Water quality sampling stations are shown in
Figure7 below.

b) Modeled sitespecific target threshold N concentrations:

The target thresholdN level for an embaymentrepresentshe averagewater column
concentrabn of N that will supportthe habitatqudity or dissdved oxygen conditions
beingsoudit. The water columnN level is ultimately controlledby the integrationof the
watershed Nload, the N concentration in the inflowing tidal waters (boundary condition)
and dilution dueto groundor surfacewater flows. The water column N concentration is also
modified by the extent of sediment regeneration, by direct atmospheric deposition, and
phytoplanktm uptake.

A major component of TMDL development is the determination of the maximum concentrations
of N (based on field data) that can occur without causing unacceptable impacts to the aquatic
environment. Prior to conducting the analytical and modeling actidéissribed above,

SMAST selected appropriate nutrigetated environmental indicators and tested the qualitative
and quantitative relationship between those indicators and N concentrations. The Linked Model
was then used to determine ssfgecifictargetthreshold N concentrations by using the specific
physical, chemical and biological characteristics of éerbor embayment system

As listed in Table 4 below, the sigpecific target threshold N concentration is 0.50 mg/L. The

findings of the analytideand modeling investigations to determine this target threshold nitrogen
concentration for the embayment system are discussed below.
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Table 4: Present Nitrogen Concentrations and Sentinel Station Threshold Nitrogen Target
Concentrations for the Harwich Harbor s Embayment Systems

ﬁﬁfgr\;d Target Threshold

Harbor System/Sentinel Station gen Nitrogen Concentratiof

Concentratiort (mg/L)

(mg/L) o
Allen Harbor/HAR4 0.747 0.50
Wychmere Harbor/HAR3 0.812 0.50
Saquatucket Harbor/HAR 0.658 0.50
! Average total N concentrations from present loadiaged on an average of the annual N means from

2001- 2008

The approach for determining nitrogen loading rates, which will maintain accepéddilat

quality throughout an embayment system, iir&t identify a sentinel location within the
embayment and second to determine the nitrogen concentration within the water column which
will restore that location to the desired habitat quality. The sentinel location is selectédasuch
the restoratiomf that one site will necessarily bring the other regions of the systantéptable
habitat quality levels. Once the sentinel site and its target nitrogen levidtarmined, th#1EP
studymodelednitrogenloads until the targeted nitrogen concentmatvasachieved. Target

threshold N concentrations in this study were developed to restore or maintain SA waters or high
habitat quality. In this system, high habitat quality was defined as diverse benthic animal
communities and dissolved oxygen levélattwould support Class SA waters sieedgrass

habitat could not be documented to exist, either historically or presently, within Saquatucket,
Wychmere oAllen Harbors

The sentinel stations for each of the three estuaries are located within tHzasaiat the long

term water quality monitoring stations: Saquatucket Harbor (23RVychmere (HAR3) and

Allen Harbor (HAR4) (Figure7). However, given the potential for tidal restrictionAtben

Creek, it is necessary to include a secondary "cheaakbs specific to that basin (HAR). The
secondary check station Ailen Creek is to provide a check on the acceptability of conditions
within the tributary basin at the point that the threshold level is attained at the sentinel station and
to control br potential tidal restriction between this tributary basin and the main basin. The goal

is to achieve the nitrogen target at the sentinel location and restore benthic animal habitat
throughout each of the three harbors.
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Figure 7: Water Quality Sampling Stations inAllen, Wychmere and Saquatucket Harbors
(The sentinel stations akAR-4, HAR-3, HAR-2, respectively.)

!
) S

According to the MEP technical repoietobserved benthic habitat quality is completely
consistent with the observed #s of oxygen depletion, chlorophyll a and macroalgal
accumulations (only found iAllen Creek).These indicators are supported by the total nitrogen
concentrations founish the MEP study whereaveragelN levels in allthe harborsanged from

0.6571 0.82mg/L N, with the highest levels observedalien Creek. The MEP studies have
generally found benthic habitat quality to be highest in open water basins with TN levels
generally between 0.80.55 mg/L N. For example, high quality benthic habitats withén t

Bumps River and Lower Centerville River were found at TN levels <0.46 mg/L N. Similarly, the
moderate impairment of infauniabitat in the inner basins of Hyannis Inner Harbor were found
at only slightly higher tidally averaged total nitrogen level8.6f.80.574 mg/L N. These data

are consistent with a variety of studies by the MEP Technical Team in other enclosed basins
along Nantucket Sound (e.g. Perch Pond, Bournes Pond, Popponesset Bay) where levels <0.5
mg/L N were found to be supportive of hglinfaunal habitat and in deeper terminal basins

(e.g. Eel Pond iBourne) where healthy infaunal habitat had a slightly lower threshold level,
0.45 mg/L N. Further analysis of the Centerville River Estuary indicates moderate impairment at
tidally averagd N levels >0.5 mg/L N (0.526 mg/L N) in Scudder Bay and at 0.543 mg/L N in
the mid reach of the Centerville River. Moderate impairment was also observed at the same N
levels (0.5350.600 mg/L N) within the Wareham River, with high quality infaunal animal
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habitat at N levels of 0.44d.463 mg/L N. Based upon these observations, it was concluded that
an upper limit of 0.50 mg/tidally averaged N would support healthy infaunal habitat in each of
the basins of the three harbors.

The findings of the analygal and modeling investigations foreteembayment systesrare
discussed and explained below.

Nitrogen loadings to the embayment

a) Present Loading rates:

In the Allen, Wychmere and Saquatucket Habembaymensystems overall the highest N
loading from controllable sources is from-site wastewater treatment systeriifie MEP
Technical Report (Figure P8) calculates that septic systems account for 86%, 83% an@f79%
the controllable N load to Allen, Wychmesed Saquatucket Harbors, respectiveédther minor
sources include lawn and golf course fertilizers, cranberry bogs, farm animals, the Snow Inn
WWTP facility and runoff from impervious surfaceNitrogen rich sediments in this system are
alsoamajorcortribution. However, reducing the N load to the estuary will also reduce N in the
sediments since the magnitude of the benthic contribution is related to the watershed load.

A subwatershetireakdown of N loading, by source, is presented in Tabl&éedata on which
Table 5 is based can be found in Tablel=S the MEP Technical Report.

As previously indicated, the present N loadings esdembayment systesrmust be reduced in
order to restore the impaired conditions and to avoid further nutelet¢d adverse

environmental impacts. The critical final step in the development of the TMDL is modeling and
analysis to determine the loadings required that will achieve the target threshold N
concentrations.

b) Nitrogen loads necessary for meetthg sitespecific target threshold N concentrations:

Table 6 lists the present watershed N loadings from the Allen, Wychmere and Saquatucket
Harbos systems anthe percent watershed load reductions necessary to achieve the target
threshold Nconcentratin at the sentinel stationfsdm Table ES2 of the MEP Technical
Repor.

These modeling results provide one scenario of achieving the threshold level for the sentinel sites
within these estuary systenisis very important to note that load reductiaas be produced

through a variety of strategies combination of strategies such astdguction of any or all

sources of Nincreasing the natural attenuation of N within the freshwater sysssmi&or

modifying the tidal flushing through inlet recogfiration (where appropriate). This scenario
establishes the general degree and spatial pattern of reduction that will be required for restoration
of the N impaired portions of these harbor systems. The Town of Hasnécitouraged to

evaluate all poterdl options andake any reasonable actions to reduce the controllable N

sources.
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Table 5. PresentNitrogen Loadings toAllen, Wychmere and Saquatucket Harbos

Embayment Systems

Present Non

Present

Wastewater PresenSeptic Watershed Present Present Benthic| Total nitrogen
Subwatershed System Atmospheric Flux® load from all
Watershed Load" "
Load Load (kg N/day) Depositiort (kg N/day) sources
(kg N/day) (kg N/day) (kg N/day) (kg N/dayy
Allen Harbor 0.550 4.214 4,764 0.227 13.109 18.1
Wychmere 0.592 3.208 3.866 0.195 13.865 17.926
Harbor
Saqutucket 0.250 2.545 2.795 0.151 15.285 18.231
Harbor
Allen Pond 0.412 1.426 1.838 - - 1.838
Stream
Cold Spring 2.726 7.775 10.501 - - 10.501
Brook
East
Saquatucket 1.022 2.926 3.948 - - 3.948
Stream

! Includes fertilizers, runoff, and atmospheric deposition to lakes and natural surfaces

2 Atmospheric deposition to the estuarine surface only
®Nitrogen loading from sediments

* Includes fertilizer, runoff and wastewater inputs
> Composed of fertilizer, runoffyastewateratmospheric deposition and benthic nitrogen input
®Includes an additional 0.066 kg/day from the Snow Inn WWTP.
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Table 6: Present Watershed Nitrogen Loading Rates, Calculated Loadingates that are
Necessaryto Achieve Target Threshold Nitrogen Concentrations, and the Percent
Reductions of the Existing Loads Necessary to Achietiee Target Threshold Loadings.

Watershed Load Reduction
Present Total| TargetThreshold | Needed to Achieve Target
Watershed Watershed Loads
Harbor System Load® Load?
(kg/day) (kg N/day) kg N/day % change

Allen Harbor 4.764 1.392 3.372 -70.78%
Wychmere Harbor 3.866 0.66 3.206 -82.93%
Saquatucket Harbor 2.795 0.756 2.039 -72.95%
Allen Pond Stream 1.838 1.055 0.783 -42.60%
Cold Spring Brook 10.501 6.225 4.276 -40.72%
East Saquatucket Stream 3.948 2.296 1.652 -41.84%

! Composed of fertilizer, runoff, atmospheric deposition to lakes and natural sufA8sF and

septic systenpadings.

2 Target threshold watershed load is fhiwad from the watershed (including natural background)
needed to meg¢hetarget threshold N concentration0.50 mg/Lfor each of the embayments

Total Maximum Daily Loads

As described in EPA guidancetaal maximum daily load (TMDL) identifies the loading

capacity of a water body for a particular pollutant.
the greatest amount of loading that a water body can receive without violating water quality

standards.The TMDLs are established to protect and/or restore the estuarine ecosystem,
including eelgrass, the leading indicator of ecological health, thus meeting water quality goals
ife support.
TMDLs for Allen, Wychmere and Saquatucket Habsystems araimed at determining the

for aquatic

loads that would correspond to specific N concentrations determined to be protective of the water

quality and ecosystems.

BecaurdsdorN,ther e

EPA regulations define loading capacity as

ar

Thedevelopment of a TMDL reqresdetailed analyses and mathematical modeling of land use,
nutrient loads, water quality indicators, and hydrodynamic variables (including residence time)
for eachwaterbody systemThe results of the mathematical model are correlated with estimates
of impacts on water quality, including negative impacts on eelgrass (the primary indicator), as
well as dissolved oxygen, chlorophglbnd benthic infauna.
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The TMDL can begenerallydefined by the equation:

TMDL = BG + WLAs + LAs + MOS
Where
TMDL = loading capacity of receiving water

BG = natural background
WLAs = portion allotted to point sources
LAs = portion allotted to (cultural) ngeoint sources

MOS = margin of safety
Background Loading

Natural background N loading is included in thading estimatepresented herdut is neither
quantified nor presented separatélys a component of the target watershed threshold.
Background loading was calculated on the assumption that the entire watershed is forested with
no anthropogenic soces of N. It is accounted for in this TMDL but not defined as a separate
component.Readers are referred to Table-E®f the MEP Technical Report for estimated

loading due to natural conditions.

Waste Load Allocations

Wasteload allocations identiffie portion of the loading capacity allocated to existing and future
point sources of wastewatefhere are no permitted surface water discharges talkée,
Wychmere and Saquatucket Harbsystems with the exception of stormwatBIRPA interprets

40 CFR 130.2(h) to require that allocations for NPDES regulated discharges of stormwater be
included in the waste load component of the TMEHPA and MassDEP authorized most of the
Town of Harwich for coverage under the NPDES Phase Il GeRermit for Stormwater
Discharges from Small Municipal Separate Storm Sewer Systems (MS4s) in 2003. The
watersheds of all three harbors lie entirely within the designated MS4 areas of Harwich.

For purposes of the Allefyychmereand Saquatucket TMDL#)assDEP also considered the
nitrogen load reductions from regulated MS4 sources necessary to meet the target nitrogen
concentrations. In estimating the nitrogen loadings from regulated stormwater sources, MassDEP
considered that most stormwater runoffie MS4 communities is not discharged directly into
surface waters, but, rather, percolates into the ground. The geology on Cape Cod and the Islands
consists primarily of glacial outwash sands and gravels, and water moves rapidly through this
type of soilprofile. A systematic survey of stormwater conveyanieé$arwich had not been
conducted prior to or during the MEP technical stafithese embaymentilevertheless, most

catch basins on Cape Cod and the Islands are known to MassDEP to have beenagsigned
leaching catch basins in light of the permeable overburden. MassDEP, therefore, recognized that
most stormwater that enters a catch basin in the regulated area will percolate into the local
groundwater table rather than directly discharge to a surfatlodyAs described in the
Methodology Section (above), the Linked Model accounts for storm water loadings and
groundwater loading in one aggregate allocation as goom source. HowevelMassDEP also
considered that some stormwater collected inleg¢gd area is discharged directly to surface

waters through outfalls. In the absence of specific data or other information to accurately

quantify stormwater discharged directly to surface waters, MassDEP assumed that all impervious
surfaces within 200k of the shoreline, as calculated from MassGIS data layers, would
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discharge directly to surface waters, whether or not it in fact did so. MassDEP selected this
approach because it considered it unlikely that any stormwater collected farther thae 200 f
from the shoreline would be directly discharged into surface waters. Although theoR00 f
approach provided a gross estimate, MassDEP considered it a reasonable and conservative
approach given the lack of pertinent data and information about MS4 systé&tap@eiCod. For
Allen, Wychmere and Saquatucket Harbitiis calculated stormwater WLA based on the 200
foot buffer is0.13 kg/day N (), 0.11 kg/day N and Ok day Nrespectively. These WL
amount to 1.7 % of the total N load to Allen Harbor, 2.7% efttital N load into Wychmere
Harbor and 0.1%nto Saquatucket Harbgsee Appendix C for details). This conservative load
is a negligible amount of the total nitrogen load ts&®smnbaymergwhen compared to other
sources.

Load Allocations

Load allocations identify the portion of loading capacity allocated to existing and future
nonpoint sources. In the case of Alkeen, Wychmere and Saquatucket Harbor systdras
nonpoint source loadings are primarily freeptic systeméee Figure 8) Additional N
sources includéertilizers from lawns, golf courses and cranberry béaysn animalsSnow Inn
WWTP (groundwater discharga)aturalbackground, stormwater rundffom nonimpervious
areas)andatmospheric deposition.

Stormwater that isubject to the EPA Phase Il Prograagonsidered a part of the wasteload
allocation, rather than the load allocatioAs discussed above ampdesented in Chapter IV, V,

and VI, of the MEP Technical Report, on Cape Cod the vast majority of stormwaielapes

into the aquifer and enters the embayment system through groundwater. Given this, the TMDL
accounts for stormwater loadings and groundwater loadings in one aggregate allocationas a non
point source, thus combining the assessments of wastewedtstoam water for the purpose of
developing control strategies. As the Phase Il Program is implemented in Harwich, new studies,
and possibly further modeling, will identify what portion of the stormwater load may be
controllable throughmplementatiorof Best Management Practices (BMPs).

The sediment loading rates incorporated into the TMDL are lower than the ekistitige
inputlisted in Tables above because projected reductions of N loadings from the watershed will
result in reductions of nutrient concentrations in the sediments and therefore, over time,
reductions in loadings from the sediments will occur. Benthic N flux is a function ofdihtpa

and particulate organid (PON). Projected benthic fluxes are based upon projected PON
concentrations and watershed N loads and are calculated by multiplying the present N flux by
the ratio of projected PON to present PON using the following formulae

Projected N flux = (present N flux) (PON projected / PON present)
When: PON projected = (Rad) (Dron) + PON present offshore

When Rag= (projected N load) / (Present N load)

And Dpon is the PON concentration above background detexd by:

D PON = (PON present embaymeﬂlt PON present offshor)e
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The benthic flux modeled for tdlen, Wychmere and Saquatucket Harbgstens is reduced
from existing conditions based on the load reduction and the observed PON concentrations
within each sukembayment relative tNantucket Soun¢oundary condition).The benthic

flux input to each sulembayment was reduced (toward zero) basethe reduction of N in the

watershed load.

The loadings from atmospheric sources incorporated into the TMDL however, are the same
rates presently occurring because, as discussed above, local control of atmospheric loadings is

not considered feasible.

Locally controllable sources of N within the watersheds are categorizedsite snbsurface
wastewater disposal system wastes and land use (which includes stormwater runoff and
fertilizers). Figure8 illustrates that septic systems aog far the mossignificant portion of the
controllableN load. Septic systems contribuB2.1kg/day ofN to thecombined harbor systems
while fertilizersand runoff combined contributgust 5.6kg/day(represented as land use load in
Figure 8) The WWTF load is from he Snow Inn which discharges to groundwater within the
Wychmere Harbor watershélom Table ESL in the MEP Technical Report)

Figure 8: Allen, Wychmere and Saquatucket Controllable N Loads
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Margin of Safety

Statutes and regulations require that a TMDL include a margin of safety (MOS) to account for
any lack of knowledge concerning the relationship between load and wasteload allocations and
water quality [CWA para 303 (d)200©, 40C.G.R. para 130.7©(TI}je MOSmust be designed

to ensure that any uncertainties in the data or calculations usel poliutant sources to water
quality impairment modeling will be accounted for in the TM&1d ensure protection of the
beneficialusesT he EPAG6s 1991 expld3 that BeiMOBEanayde implicit, i.e.,
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e.,
expressed in the TMDL as loadings set aside for the M&texplicit MOS quantifies an

allocation amount separdt®m other Load and Wasteload Allocations. An explicit MOS can
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incorporate reserve capacity foture unknowrs, such agpopulation growth or effects of climate
change on water quality. An implicit MOS is not specifically quantified but consists of
statenents of the conservative assumptions used in the analysis. The MOSAberhe
Wychmere and Saquatucket Harbors TMOd.snplicit. MassDERused conservative
assumptions to develop numeric model applications that account for the MOS. These
assumptioa aredescribed belowand they account for all sources of uncertainty, including the
potential impacts of changes in climate

While the general vulnerabilities of coastal areas to climate change can be identified, specific
impacts and effects of changi estuarine conditions are not well known at this time
(http://www.mass.gov/eea/wastegntrecycling/airquality/greerhousegasand-climate
change/climateehangeadaptation/climatehangeadaptatiorreport.htm). Because the science

IS not yet available, MassDEP is unable to analyze climate change impacts on streamflow,
precipitation, and nutrient loading with any degree of certainty for TNBelopment In light

of these uncertainties and informational gaps,90&% has opted to address all sources of
uncertainty through an implicit MOSVlassDEP does not believe that an explicit MOS approach
is appropriate under the circumstancewitirprovide a more protectiver accuratdVlOS than

the implicit MOS approacles the available data simply does not lend itself to characterizing and
estimating loadings to derive numeric allocations within confidence lirAithough the

implicit MOS approach does nekpressly set aside a specific portion of the koaalccount fo
potential impacts oflimate changdylassDEP has no basis to conclude thattreservative
assumptions that were used to develomtimaeric model applicatiorere insufficient taaccount

for the lack of knowledgeegarding climate change

Conservatie Assumptions used in the Margin of Safety:

1. Use of conservative data in the linked model
The watershed N model provides conservative estimates of N loads to the embayment. Nitrogen
transfer through direct groundwater discharge to estuarine waters is based upon studies
indicating negligible aquifer attenuation and dilution, i.e. 100% of |oéere embayment. This
is a conservative estimate of loading because studies have also shown that in some areas less
than 100% of the load enterstheestudryn t hi s context, Adirect grou
to the portion of fresh water that entarsestuary as groundwater seepage into the estuary itself,
as opposed to the portion of fresh water that enters as surface water inflow from streams, which
receive much of their water from groundwater floMitrogen from theupper watershed regions,
which travel through ponds or wetlands, almost always enter the embayment via stream flow, are
directly measured (over 1B6 months) to determine attenuation. In these cases thedand
model has shown a slightly higher preditté load than the measured discharges in the
streams/rivers that have been assessed to date. Therefore, the watershed model as applied to the
surface water watershed areas again presents a conservative estimate of N loads because the
actual measured N streams was lower than the modeled concentrations.

The hydrodynamic and water quality models have been assessed directly. In the many instances
where the hydrodynamic model predictions of volumetric exchange (flushing) have also been
directly measuredybfield measurements of instantaneous discharge, the agreement between
modeled and observed values has been >95%. Field measurement of instantaneous discharge
was performed using acoustic doppler current profilers (ADCP) at key locations within the
embaynent (with regards to the water quality model, it was possible to conduct a quantitative
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assessment of the model results as fitted to a baseline datdsast squares fit of the modeled
versus observed data showed an R2>0.95, indicating that the modehted for 95% of the
variation in the field data). Since the water quality model incorporates all of the outputs from the
other models, this excellent fit indicates a high degree of certainty in the final result. The high
level of accuracy of the moberovides a high degree of confidence in the output; therefore, less
of a margin of safety is required.

In the case of N attenuation by freshwater ponds, attenuation was derived from measured N
concentrations, pond delineations and pond bathyrfatjyst one of the pond3his

attenuation ratevas determined to be 74%ill other ponds lacked sufficient data to calculate an
attenuation factor so a more conservation value of 50% was applied as more protective and
defensibleNitrogen attenuation in freglater ponds has generally been determined by the MEP
analysis to be at least 50%, so the watershed model assigns a conservative attenuation of 50% to
all nitrogen from freshwater pond watersheds unless there is sufficient information to develop a
pondspedfic attenuation rate to incorporate into the loading analysis.

Similarly, the water column N validation dataset was also conservative. The model is validated

to measured water column N. However, the model predicts average summer N concentrations.
Thevery high or low measurements are marked as outliers. The effect is to make the N

threshold more accurate and scientifically defensible. If a single measurement two times higher
than the next highest data point in the series raises the average 0.05, rtingsNvould allow for

a higher fAacceptableo | oad to the embayment .
preventing a single and rare bloom event from changing the N threshold for a system. This
effectively strengthens the data set so that a higlaegin of safety is not required.

In addition thepredictedreductions in benthic regeneration of N are most likely underestimates,
i.e. conservative. The reduction is based solely on a reduced deposition of PON, due to lower
primary production ratesnder the reduced N loading in these systems. As the N loading
decreases and organic inputs are reduced, it is likely that rates of coupled remineralization
nitrification, denitrification and sediment oxidation will increase.

Benthic regeneration of I$ dependnt upon the amount of PON deposited to the sediments and
the percentage that is regenerated to the water column versus being denitrified or buried. The
regeneration rate projected under reduced N loading conditions was based upon two assumptions
(1) PON in the embayment in excess of that of inflowing tidal water (boundary condition) results
from production supported by watershed N inputs and

(2) Presently enhanced production will decrease in proportion to the reduction in the sum of
watershed Nriputs and direct atmospheric N input. The latter condition would result in equal
embayment versus boundary condition production and PON levels if watershed N loading and
direct atmospheric deposition could be reduced to zero (an impossibility of cdimse).

proportional reduction assumes that the proportion of remineralized N will be the same as under
present conditions, which is almost certainly an underestimate. As a result, future N regeneration
rates are overestimated which adds to the margin diysafe

2. Conservative sentinel station/target threshold nitrogen concentration
Conservatism was used in the selection of the sentinel #atidrtarget threshold N
concentratioa The sits werechosen that had stable eelgrass or benthic animal (infauna
communities, and not those just starting to show impairment, which would have slightly higher
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N concentration. Meeting the target threshold N concentsaitothie sentinel statisrwill result
in reductions of N concentrations in the rest of the syste

3. Conservative approach
Thelinked model accounted for all stormwater loadings and groundwater loadings in one
aggregate allocation as a non point source and this aggregate load is accounted for in the load
allocation. The method of calculating the WLA in the TMDL for regulatedvst@ter was
conservative as it did not disaggregate this negligdald from the modeled stormwater LA,
hence this approach further enhances the margin of safety.

The target loads were based on tidally averaged N concentrations on the outgoing tldes whic
the worst case condition because that is when the N concentrations are the highest. The N
concentrations will be lower on the flood tides and therefore this approach is conservative.

In addition to the margin of safety within the context of settifegN threshold levelas

described above, a programmatic margin of safety also derives from continued monitoring of
theseembaymergto support adaptive management. This continuous monitoring effort provides
the ongoing data to evaluate the improvemdrds occur over the multiear implementation of

the N management plan. This will allow refinements to the plan to ensure that the desired level
of restoration is achieved.

Seasonal Variation

Since the TMDLs for the waterbody segments are based on the most critical time period, i.e. the
summer growing season, the TMDLs are protective for all seasons. The daily loads can be
converted to annual loads by multiplying by 365 (the number of daygéar). Nutrient loads

to the embayment are based on annual loads for two reasons. The first is that primary production
in coastal waters can peak in both the late wiatgty spring and in the late sumnresarly fall

periods. Second, as a practicalttma the types of controls necessary to control the N load, the
nutrient of primary concern, by their very nature do not lend themselves tammtuzl

manipulation since the majority of the N is from Amwint sources. Thus, the annual loads make
sensesince it is difficult to control noioint sources o on a seasonal basis aNdources can

take considerable time to migrate to impacted waters.

TMDL Values for Allen, Wychmere and Saquatucket Harbos Embayment
Systems

As outlined above, the total maximum daily loadings of N that would provide for the restoration
and protection of the embayment were calculated by considering all sources of N grouped by
natural background, point sources and-pomt sources. A more meagful way of presenting

the loadings data from an implementation perspective is presented in/Table

In this table the N loadings from the atmosphere are listed separately from the target watershed
threshold loads which are composed of natural backgrbualong with locally controllable N

from the onsite subsurface wastewater disposal systems, storm water runoff and fertilizer
sources. In the case of Allen, Wychmere and Saquatucket Idarhbayment systems the
TMDL s were @lculated by projecting redtions in locally controllable septic systems. Once
again the goalof theseTMDL s are b achieve the identified target threshold N concentration at
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the identified sentinel statisn The target loaglidentified in this table represents one alternative
loading scenario to achieve that goal but other scenarios may be possible and approvable as well.

Table 7. The Total Maximum Daily Loads (TMDL) for Allen, Wychmere and Saquatucket
Harbor s Embayment Systens, Represented as the Sum of the Calculated Targ&hreshold
Loads, Atmospheric Deposition and Sediment Load

Target Nitrogen
Threshold Atmosp_h_erlc Load from TMDL2
Watershed Deposition :
Harbor System Sediment$ (kg N/day)
Load" (kg N/day) (kg N/day)
(kg N/day)
Allen Harbor 1.392 0.227 8.216 9.835
WychmereHarbor 0.66 0.195 6.03 6.885
Saquatucket Harbor 0.756 0.151 10.67 11.557
Allen Pond Stream 1.055 -- -- 1.055
Cold Spring Brook 6.225 -- -- 6.225
East Saquatucket Stream 2.296 -- -- 2.296

I Target threshold watershed load (including natural background) is the load from the watershed needed to meet the
embayment target threshold nitrogen concentration identified in Table 4.
Projected sediment N loadings obtained by reducing the presdiridaates (Table 5) proportional to proposed
watershed load reductioaad factoring in the existing and projected future concentrations offR@NTable
ES2 of the MEP Technical Report

3Sum of target threshold watershed load, sediment load and 4tenwsgeposition load.

Implementation

The critical element of this TMDL process is achieving the sentinel station specific target
threshold N concentration presented in Tabédove thats necessary for the restoration and
protection of water quality ardiverse benthic communitiegthin theAllen, Wychmere and
Saquatucket Harbsembayment systesn In order to achieve étarget threshold N
concentration, N loading rates must be redubealughout tk harborembayment systems

Septic Systems:

Table8 preserdg a load reducing scenario based solely on reducing the septic loads from the
Allen, Wychmere and Saquatucket Habaatersheds. Howevers reviously notedhere are

a varietyof loading reduction scenagdhat couldachieve the target threshold N concentrations.
Local officialsare encouraged to explavéher loading reduction scenarios through additional
modeling as part of tieComprehensive Wastewater Management RRANMP). It must be
demonstrated however, that any alternative implementation strategies will beiyeatédbe
entireembaymensystem.To this end, additional linked model runs can be performed by the
MEP at a nominal cost to assist the planning effdrteetown in achieving target N loads that
will result in the desired target threshold N concentration.
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Table 8: Summary of the Present OnSite Subsurface Wastewater Disposal System Loads,

and the Loading Reductions Necessary to Achieve the TMDL by Reducing EBite

Subsurface Wastewater Disposal System Loads Only

Present Sentid Threshold Threshold
Svstem P Septic System| Septic System
Harbor Systertsubwatershed y Load Load %
Load (kg N/day) Change
(kg N/day)

Allen Harbot 4.214 0.841 -80%
Wychmere Harbdr 3.208 0.000 -100%
Saquatucket Harbbr 2.545 0.507 -80.1%
Allen Pond Stream 1.426 0.642 -54.9%

Cold Spring Brook 7.775 3.499 -55%
East Saquatucket Stream 2.926 1.274 -56.5%

Total estuarine reach which receives septic N inputs through direct groundwater discharge and from
surface water (streanmflows

(Note:Taken fronirable VIII-2 of the MEP Technical Repoithese loads do not include direct
atmospheric deposition (onto the seimbayment surface), benthic flux, runoff, or fertilizer loading terms.

The CWMP should include a schedule of the selected strategies and estimated timelines for
achieving those target However, the MassDEP realizes that an adaptive management approach
may be used to observe implementation results over time and allow for adjustments based on
those resultsThis adaptive management approach will incorporate the priorities and concepts
included in the updated area wide management plan established under the Clean Water Act
Section 208.

Because the vast majority of controllable N load is femptic systemfor private residences the
CWMP should assess the most eef§éctive options foachieving the target N watershed loads,
including but not limited to, sewering and treatment for N control of sewage and septage at either
centralized or deentralized locations and denitrifying systems for all private residences.

If a community choose® implement TMDL measures without a CWMP it must demonstrate

that these measures will achieve the target threshold N concentration. (Note: Communities that
choose to proceed without a CWMP will not be iblig for State Revolving Funidans.)

Stormwater:
The NPDES permits which EPA has issued in Massachusetts to implement the Phase II
Stormwateprogram do not establish numeric effluent limitations for stormwater discharges,
rather, they establish narrative requirements, including best management practices, to meet the
following six minimum control measures and to meet State Water Quality Standards.

1. public education and outreach particularly on the proper disposal wagist,

2. public participation/involvement,

3. illicit discharge detection and elimination,

4. construction site runoff control,
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5. post construction runoff control, and
6. pollution prevention/good housekeeping.

As part of their applications for Phasepérmit coverage, communities must identify the best
management practices they will use to comply with each of these six minimum control measures
andthe measurable goals they have set for each medsumefore, compliance with the
requirements of theHase Il stormwater permit in tH®wn of Harwichwill contribute to the

goal of reducing the nitrogen load as prescribed in this TMDAfen, Wychmereand

Saquatucket Harbswatersheds

In their2014annual Phase Il MS4 Stormwater reports to EPAwtr reports that 100% of the
mapping of the stormdrain system and outfalls in the town has been congpldtkeld

verification is ongoingTheannual reports indicate that they continue to update stormwater
drainage systems to Phase Il standards. IitiaddtheTown conducts anrgoing public

outreach cangagn that includes website, posters, handouts, mailers and flyers with information
on various pollution prevention activitiés.g., hazardous waste collectioasy rgulations

Other activitiedeing conductedy Harwich as reported in their most recent (2014) NPDES
Phase Il MS4 Annual Report includeembership in the Pleasant Bay Resource Management
Alliance (TheAlliance has over IDvolunteers who collect watearsples throughout the Bay
from June through Septembenpsting COASTSWEEP which organizes volunteer beach
cleaning events Harwich working with Americorps of Cape Cod to clean streams related to
herring runsn Harwich collecting waste oil from boats at Saquatucket Harboprfoper
disposal.

Climate Change:

MassDEP recognizes that lotgrm (25+ years) climate change impacts to southeastern

Massachusetts, including the area of this TMBiepossiblebased orknownscience

Massachusetts Executive Office of Energy and Enwviramtal Affairs 2011Climate Change

Adaptation Report http://www.mass.gov/eea/wastegnt-recycling/airquality/greerhousegas

and-climate change/climatehangeadaptation/climatehangeadaptatiorreport.html predicts

that by 2100 the sea level could be from 1 to 6 feet higher than the current position and

precipitation rates in the Noehast could increase by as much as 20 percentekkr the details

of howclimate changevill affectsea level riseprecipitation, streamflow, sediment and nutrient

loading in specifidocationsaregenerallyunknown. The ongoing debate is not about wiest

climate change will occur, but the rate at and the extent to which it will occur and the

adjustments needed to address its mpa&c8A6s 2012 Cli mate Change St

http://water.epa.gov/scitech/climatechange/upload/epa 2012 _climate_water_strategy full_report
final.pdf

states:fiDespite increasing understanding of climate change, there still remain questions about

the scope and timingf climate change impacts, especially at the local scale where most water

related decisions are madd-or estuarine TMDLs in southeastern Massachy3@#ssDEP

recognizes thahis is particularly truewherewater quality management decisions and

implementation actions aigenerallymade and conducted at the municipal level on a sub

watershed scale.

EPAG6s Climate Change Strategy identifies the t
strategic actions to respond to climate change. EPA ad&dges that data are missing or not
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available for making water resource management decisions under changing climate conditions.
In addition, EPA recognizes the limitation of current modeling in predicting the pace and
magnitude of localized climate changgacts and recommends further exploration of the use of
tools such asaatmospheric, precipitation and climate chanmgelels to helpstates evaluate

pollutant load impacts under a range of projected climatic shifts.

In 2013 EPA released a stueyntited, A Wat er shed model ing to asses
streamflow, nutrient, and sediment loads to potential climate change and urban development in

20 U.S. watersheds. o0 (National Center for Envi
EPA/600/R12/058F). Tk closest watershed to southeastern Massachtlsgtisasexamined

in this studyis a New England coastal basin locabetiveerSouthern Maine an@entral
CoastaMassachusettsThese watershed® not encompass any of thetersheds in the
MassachusettiSstuary ProjectMIEP) region andit has vastlydifferent watershed

characteristicancluding soils, geography, hydrology and land ug&ey components used i

modeling analysisThe i ni ti al Af i r 5studpsthdténrmany bations | usi on
future conditionsincluding water qualityare likely to be different from past experience

However most significantlythis study did notlemonstrate that changes to TMDLs (the water

quality restoration targets) would be necessaryher e gi o n . EPAG6s 2012 Clin
Strategy also acknowledgthat the Northeasincluding New Englangheeds talevelop

standardize regional assumptions regarding future climate change impa&a6 2013

modeling study does nptovide thescientificmethods and robust dataseéededo predict
specificlong-termclimate change impasin the MEP regiorio inform TMDL development.

MassDEP believes that impacts of climate change should be addressed through TMDL
implementatiorwith an adaptive managemt approacin mind. Adjustments can be made as
environmental conditions, pollutant sources, or other factors change oveMtisgachusetts

Coastal Zone Management (CZM) has developed a StormSmart Coasts Program (2008) to help
coastal communities addieimpacts and effects of erosion, storm surge and flooding which are
increasing due to climate change. The programw.mass.gov/czm/stormsmantfers technical
information, planning strategies, legal aedulatory tools to communities to adapt to climate
change impacts.

As more information and tools become available, theagbe opportunities to make
adjustments in TMDL# the futureto address predictabldimate change impactdVhen the
science cagupport assumptions about the effects of climate chanteeoitrogen loadingto
Allen, Wychmereand Saquatucket Harbatee TMDL can be reopened, if warranted

In summary, lhie Town ofHarwich isurged to meet the target threshold N concentratign
reducing N loadings from any and all sources, through whatever means are available and
practical, including reductions in stormwater runoff and/or fertilizer use within the watershed
through the establishment of local-layvs and/or the implementatiaf stormwater BMPs in
addition to reductions in esite subsurface wastewater disposal system loadings.

Based on landise and the fact that the watersheflthese systems dozatedcompletely
within the Town ofHarwich itfollows thatnitrogen managaent necessaryor therestoration of
the Allen, Wychmere and Saquatuckigtrbor embayment systemsaynbe formulated and
implemented entirelythrough the Town off a r wiactibng. s
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MassDBERNMEBEP Embayment Restoration Guasdiance for

http://www.mass.gov/eea/agencies/massdep/water/watersheds/cesstatesand
estuaries.htmprovides N loading reduction strategies thatavailable tdHarwichandthat
could be incorporated into the implementation plans. The following topics réatededuction
are discussed in the Guidance:

1 Wastewater Treatment
A OnSite Treatment and Disposal Systems
A Cluster Systems with Enhanced atment
A Community Treatment Plants
A Municipal Treatment Plants and Sewers
1 Tidal Flushing
A Channel Dredging
A Inlet Alteration
A Culvert Design and Improvements
1 Stormwater Control and Treatment *
A Source Control and Pollution Prevention
A Stormwater Treatment
Attenuation via Wetlands and Ponds
Water Conservation and Water Reuse
Management Districts
Land Use Planning and Controls
A Smart Growth
A Open Space Acquisition
A Zoning and Related Tools
1 Nutrient Trading

E R

*Harwich is one of th@37 communities in Massachtisecovered by th2003Phase Il storm water progrgmermit
requirements.

Monitoring Plan

MassDEP is of the opinion that there are two forms of monitoring that are useful to determine
progress towards achieving compliance with the TMMIa s s D poBitébs is that
implementation will be conducted through an iterative process where adjustmeriis negded

in the future. The two forms of monitoring inclutletracking implementation progress as
approved intheHarwichCWMP plars and 2) monitoring wr qualityand habitatonditionsin

the estuariesncluding but not limited to, the sentinel stations identified in the MEP Technical
Report

The CWMP will evaluate various options to achieve the goals set out in the Téfidttand

the MEPTechnic&dReport. It will also make a final recommendation based on existing or
additional modeling runs, set out required activities, and identify a schedule to achieve the most
cost effective solution that will result in compliance with the TMDL. Once approyé¢ieb
Department tracking progress on the agreed upon plan will, in effect, also be tracking progress
towards water quality improvements in conformance with the TMDL.
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Relative to water quality, MassDEP believes that an ambient monitoring program mucédred
from the data collection activities needed to properly assess conditions and to populate the
model, will be important to determine actual compliance with watertgusiéindards. Although

the TMDL values are not fixed, the target threshidldoncentréions at the sentinel stations are
fixed. Through discussions amongst the Miticipantst is generally agreed that existing
monitoring programs which were designed to thoroughly assess conditions and populate water
quality models can be substantialgduced for compliance monitoring purposes. Although more
specific details need to be develomeda casdy-case basiMassDEPbelievesthat about half

the current effort (using the same data collection procedures) would be sufficient to monitor
complianceover time and to observe trends in water quality changes. In addition, the benthic
habitat and communities would require periodic monitoring on a frequency of about évery 3
years. Finally, in addition to the above, existing monitoring conducted by ME&SEID eelgrass
should continue into the future to observe any changes that may occur to eelgrass populations as
a result of restoration efforts.

The MEP will continue working with theratershed communitige develop and refine

monitoring plans thatemain consistent with the goals of the TMDL. It must be recognized
however that development and implementation of a monitoring plan will take some time, but it is
more important at this point to focus efforts on reducing existing watershed loads t@achiev
water quality goals.

Reasonable Assurances

MassDEP possesses the statutory and regulatory authority, under the water quality standards

and/or the State Clean Water Act (CWA), to implement and enforce the provisions of the TMDL
through its many permitting programs including requirements for N Igaeiuctions from on

site subsurface wastewater disposal systems. However, because mmsinhsource controls

are voluntary, reasonable assurance is based on the commitment of the locality involved.

Harwich haslemonstrated this commitment through tomprehensive wastewater planning

that they initiated well before the generation of the TMDL. fven expecsto use the

information in this TMDL to generate support from their citizens to take the necessary steps to
remedy existing problems relatedNdoading from orsite subsurface wastewater disposal

systems, stormwater, and runoff (including fertilizers), and to prevent any future degradation of

these valuable resources. Moreover, reasonable assurances that the TMDL will be implemented
include eorcement of regulations, availability of financial incentives and local, state and

federal programs for pollution control. Storm water NPDES permit coverage will address

discharges from municipally owned storm water drainage systems. Enforcementiaiforgu
controlingnonpoi nt di scharges include | ocal i mpl emen
Protection Act and Rivers Protection Atttle 5 regulations for oisite subsurface wastewater

disposal systems and other local regulatisnsh asthe@dwn of Rehobothhs stab
Financial incentives include federal funds available under Sections 319, 604 and 104(b)

programs of the CWA, which are provided as part of the Performance Partnership Agreement
between MassDEP and EPA. Other potdritinds and assistance are available thrahgh
Massachusetts Department of Agricultureds Enhe
Department of Agricultured6s Natural Resources
incentives include income taxedits for Title 5 upgrades and low interest loans for Title-5 on
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site subsurface wastewater disposal system upgeadéable through municipalities
participating in this portion of the state revolving fund program.

As thetown implemens theseTMDL s theloadingvalues (kg/day oN) will be used by
MassDEPfor guidance for permitting activitieend should beised bythecommuniy as a
management tdo

Public Participation

Public meetingto present the results of and answer questions on this TWHd&held onAugust

26, 2015ntheHar wi ch Town Hal | ,med&ingaocondPatt Kello§géMassRERP)me n 6 s
summarized the Mass Estuaries Project and described the Draft Nitrogen TMDL fRejiogs.

Public comments received at tpablic meetinggand comments received in writing within a-8ay

comment pend following the public meetingere considered by the Department. This final version

of the TMDL report includes both a summary of fpublic comments together with the Department's
response to the commeiiisd scanned images of the attendance sheets from the me&gpipgadix

D. MEP representatives at the public meetimgludedKimberly Groff, Brian Dudley, Barbara

Kickham and Matiew Reardon
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Appendix A

Table A-1: Summary of the Nitrogen Concentrations forAllen, Wychmere and Saquatucket Harbos Embayment

Systems

Al l

concentrations

ar e

gi ven

Measured data and modeled Total Nitrogen concentrations for the Allen, WydimleBaquatucket Harlsxstuary systems used in th
model calibration plots of Figure \3 .
separate yearly means. Data are provided courtesy of the Systains Program at SMAS{From Table Vilof the MEP Technical

n mg/ L

Report)
Saquatucket Wychmere Wychmere Allen Harbor Allen Harbor Allen Harbor
Sub-Embayment Harbor .
Harbor Harbor Marina Hulse Pt. Creek
(Outer)

Monitoring Station HAR -2 HAR-2A HAR-3 HAR-4 HAR-4A HAR-5
2001 mean 0.669 -- 0.658 1.135 - 1.187
2002 mean 0.546 0.470 0.712 0.689 0.516 0.679
2003 mean 0.643 0.506 0.887 0.481 0.534 0.525
2004 mean 0.584 0.533 0.847 0.484 0.538 0.576
2005 mean 0.587 0.505 0.639 0.488 0.473 0.482
2006 mean 0.720 0.588 0.875 1.130 1.144 1.141
2007 mean 0.698 0.551 0.956 0.697 0.939 1.415
2008 mean 0.819 0.542 0.892 0.902 0.794 0.997

mean 0.658 0.530 0.812 0.747 0.673 0.819
s.d. all data 0.169 0.128 0.254 0.323 0.252 0.400
N 76 34 77 43 34 38
model min 0.627 0.409 0.763 0.592 0.335 0.794
model max 0.680 0.558 0.846 0.749 0.675 0.825
model average 0.652 0.453 0.813 0.679 0.451 0.808
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Appendix B

Table B-1: Allen, Wychmere and Saquatucket Harbos Embayment Systems3 Total Nitrogen TMDLs and 3 Pollution
Prevention TMDLs

Stream

Saquatuckeitiarbor.

linked. (Pollution Prevention TMDL)

Embayment/Sub- - - TMDL
embayment Segment IDDescription Description (kg N/day)
MA96-95_2016South of Rt 28, Determined to bémpaired for
Harwich to confluence with . ;
Allen Harbor . nutrients during the development of 9.835
Nantucket Sound, Harwich. Wes ., .
this TMDL.
of Wychmere Harbor.
--/lUnnamed strearthatflows into | Not impaired for total nitrogen, but
Allen PondStream| Allen Harbor from the northeast | TMDL needed since embayments ar¢  1.055
under Kildee Road linked. (Pollution Prevention TMDL)
MA96-96_2016South of Rt 28, . . .
: . Determined to be impaired for
Harwich to confluence with , :
Wychmere Harbor Nantucket Sound. Harwich. Wes nutrients during the development of 6.885
’ ' this TMDL.
of Saquatucket Harbor.
MA96-23-2012/ South of Rt 28, | Determined to be impaired for
Saquatucket Harbg Harwich to confluence with nutrients during the development of 11.557
Nantucket Sound, Harwich this TMDL.
--/Stream flows from the nortinto | Not impaired for total nitrogen, but
Cold Spring Brookl the northwest side of Saquatuckg TMDL needed since embayments ar¢  6.225
Harbor. linked. (Pollution Prevention TMDL)
East Saquatiket --/ Stream flows from the north | Not impaired for total nitrogen, but
q into the northeast side of TMDL needed since embayments ar¢  2.296

*Pollution Prevention TMDLs for community planning and established to prevent further downstream impairment.
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Appendix C

Table C-1: TheAllen, Wychmere and Saquatucket Harbos Embayment Systemsstimated waste load allocation
(WLA) from runoff of all impervious areas within 200 feet of its waterbodies.

Watershed Watershed
Impervious Watgrshed UE T MEP Total Watershed buffer area
. Total Impervious Area | Unattenuated .
Area in 200 : Unattenuated Impervious | WLA as% of
Estuary Watershed | in 200ft buffer as | Watershed
ft Buffer of : . Watersled | buffer (200ft) MEP Total
SystemName Impervious % of Total Impervious
Embayment Area (acred) Watershed Load Load WLA Unattenuated
Waterbody . (kg N/day)f | (kg N/day)® Watershed
Impervious Area | (kg N/day)
(acres) Load’
Allen Harbor 9.79 40.77 24% 0.54 7.61 0.13 1.7%
Wychmere 8.67 16.1% 53.9% 0.21 4.06| 011 2.71%
Harbor
Saquatucket 4.71 318.15 1.5% 1.86 28.99|  0.03 0.10%
Harbor

The entire impervious area within a 200 foot buffer zone around all waterbodies as calculated by MassGIS. Due tathgesulitg)y of

Cape Cod it is unlikely that runoff would lobanneled as a point source directly to a waterbody from areas more than 200 feet away. Sc
impervious areas within approximately 200 feet of the shoreline may discharge stormwater via pipes directly to the watertiedpurposes
of the waste loadllocation (WLA) it was assumed that all impervious surfaces within 200 feet of the shoreline discharge directly to the
waterbody.

Total impervious surface for the watershed was obtained from SMAST N load data files.

From Table 1\/3 of the MEP TechnicdReport.

“This includes the unattenuated nitrogen loads from wastewater from septic systems, fertilizer, runoff from both nampehénds surfaces,
and atmospheric deposition to freshwater waterbodies. This does not include direct atmospheiiendiepibs estuary surface.

*The impervious subwatershed 200 ft buffer area (acres) divided by total watershed impervious area (acres) then mtdtaliespleyvious
subwatershed load (Kd/day).

®The impervious subwatershed buffer area WLAKday) divided by the total subwatershed load Kitday) then multiplied by 100.
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Appendix D
Massachusetts Estuaries Project (MEPIResponse to Comments

DRAFT TOTAL MAXIMUM DAILY LOAD (TMDL) RE PORT FOR
HERRING RIVER SYSTEMCONTROL #3950)
(REPORT DATEDAPRIL 16,2015)

DRAFT TMDL REPORT F®R
ALLEN, WYCHMERE, AND SAQUATUCKET HARBORSESTUARINE SYSTEMS
(CONTROL # 3120)
(REPORT DATEDAPRIL 16,2015)

No written comments were received by MassD@Ring the public comment pedoHowever,
we have included some answers to Frequently Asked Questions on the MEP, TMDLs, and
CWMPs

General frequently asked questions:

1) Can a CWMP include the acquisition of open space, and if so, c&uate Revolving Funds
(SRF) be used for this?
DEP ReponseState Revolving funds can be used for open space preservation if a specific
watershed property has been identified as a critical implementation measure for meeting the
TMDL. The SRF solicitation should identify the land acquisition as a highiyrfmoject for
this purpose which would then make it eligible for the SRF funding list. However, it should be
noted that preservation of open space will only address potential future nitrogen sources (as
predicted in the builebut scenario in the MEP Tknical report) and not the current situation.
The town will still have to reduce existing nitrogen sources to meet the TMDL.

2) Do we expect eelgrass to return if the nitrogen goal is higher than the concentration that can
support eelgrass?
DEP Response: There are a number of factors that can control the ability of eelgrass to re
establish in any area. Some are of a physical nature (such as boat traffic, water depth, or even
sunlight penetration) and others are of a chemical nature likegeimoEelgrass decline in
general has been directly related to the impacts of eutrophication caused by elevated nitrogen
concentrations. Therefore, if the nitrogen concentration is elevated enough to cause symptoms of
eutrophication to occur, eelgrass grdwiwill not be possible even if all other factors are
controlled and the eelgrass will not return until the water quality conditions improve.

3) Who is required to develop the CWMP? Can it be written irhouse if there is enough
expertise?
DEP Responsefhe CWMP can be prepared by the town. There are no requirements that it must
be written by an outside consultahbwever, the community should be very confident that-its in
house expertise is sufficient to address the myriad issues involved in the C\dd§spro
MassDEP would strongly recommend that any community wishing to undertake this endeavor on
its own should meet with MassDEP to develop an appropriate scope of work that will result in a
robust and acceptable plan.

4) Have others written regional CWMPs (i.e. included several neighboring towns)?
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DEP Responseloint CWMPs have been developed by multiple Towns particularly where
Districts are formed for purposes of wastewater treatment. Some examples include the Upper
Blackstone Water Pollution Abatement District that serve all or portions of the towns Holden,
Millbury, Rutland West Boylston and the City of Worcester and the Greater Lawrence Sanitary
District that serves the greater Lawrence area including portions of verddl. Andover,

Methuen and Salem NH.. There have also been recent cases where Towns have teamed up to
develop a joint CWMP where districts have not been formed. The most recent example are the
Towns discharging to the Assabet River. They include thesTofWestboro and Shrewsbury,
Marlboro and Northboro, Hudson, and Maynard. The reason these towns joined forces was they
received higher priority points in the SRF coming in as a group than they otherwise would have
individually.

5) Does nitrogen entering he system close to shore impair water quality more? If we have to
sewer, wouldno6t it make sense to sewer homes
DEP ResponsetHomes closer to the waterbody allow nitrogen to get to that waterbody faster.
Those further away may take ger but still get there over time and are dependent upon the
underlying geology. However, what is more important is the density of homes. Larger home
density means more nitrogen being discharged thus the density typically determines where to
sewer to maxiime reductions.Also there are many factors thafluencewater quality such as
flushingand morphology of the water body

6) Do you take into account how long it takes groundwater to travel?
DEP Response: Yes, the MEP Technical report has identified long term (greater than 10 years)
and short term time of travel boundaries in greundwatershed.

7)) What i f a town canodt meet its TMDL?
DEP Response: A TMDL is simply a nutrient budget that detesrhio@ much nitrogen
reduction is necessary to meet water quality goals as defined by state Water Quality Standards. It
is unlikely that the TMDL cannot be achieved however in rare occasions it can happen. In those
rare cases the Federal Clean Water Act\pdes an alternative mechanism which is called a Use
Attainability Analysis (UAA). The requirements of that analysis are specified in the Clean Water
Act but to generalize the process, it requires a demonstration would have to be made that the
designated se cannot be achieved. Another way of saying this is that a demonstration would
have to be made that the body of water cannot support its designated uses such as fishing,
swimming or protection of aquatic biota. This demonstration is very difficult andbmus
approved by the U.S. Environmental Protection AgeAsyong as a plan is developed and
actions are being taken at a reasonable pace to achieve the goals of the TMDL, MassDEP will
use discretion in taking enforcement steps. However, in the everngdasanable progress is not
being made, MassDEP can take enforcement action through the broad authority granted by the
Massachusetts Clean Waters Act, the Massachusetts Water Quality Standards, and through point
source discharge permits.

8) What is the relationship between the linked model and the CWMP?
DEP Response: The model is a tool that was developed to assist the Town to evaluate potential
nitrogen reduction options and determine if they meet the goals of the TMDL at the established
sentinel stationn each estuary. The CWMP is the process used by the Town to evaluate your
short and longterm needs, define options, and ultimately choose a recommended option and
schedule for implementation that meets the goals of the TMDL. The models can be ussd to assi
the Towns during the CWMP process.

39



9) Is there a federal mandate to reduce fertilizer use?
DEP Response: No, it is up to the states and/or towns to address this issue.

10)Will monitoring continue at all stations or just the sentinel stations?
DEP Respase: At a minimum, DE®Rould like to seenonitoring continued at the sentinel
stations monthly, Mageptembein order to determine compliance with the TMDHowever,
ideally, it would be good to continue monitoring all of the statidfrgossible Thebenthic
stations can be sampled everp Jears since changes are not rapid. The towns may want to
sample additional locations if warranteDEP plans to continue its program of eelgrass
monitoring.

11)What is the statebs expectation with CWMPs?
DEP Respose: The CWMP is intended to provide the Towns with potential short antelong
options to achieve water quality goals and therefore provides a recommended plan and schedule
for sewering/infrastructure improvements and other nitrogen reduction opticesseay to
achieve the TMDL. The state also provides a low interest loan program called the state revolving
fund or SRF to help develop these plans. Towns can combine forces to save money when they
develop their CWMPS.

12)Can we submit parts of the plan ashey are completed?
DEP Response: Submitting part of a plan is not recommended because no demonstration can be
made that the actions will meet the requirements of the TMDL. With that said however the plan
can contain phases using an adaptive approach if determined to beabtsand consistent
with the TMDL.

13)How do we know the source of the bacteria (septic vs. cormorants, etc.)?
DEP Response: This was not addressed because this is a nitrogen TMDL and not a bacteria
TMDL.

14)lIs there a push to look at alternative new teamologies?
DEP ResponseYes, the Massachusetts Septic System Test Center is located on Cape Cod and
operated by the Barnstable County Department of Health and Environment. This Center tests and
tracks advanced innovative and alternative septic system treatment technologies/aREaRs
pilot studies for alternative technologies but will apiprove a system unles$ds been
thoroughly studied and documented to be successful

15)How about using shellfish to remediate and reduce nitrogen concentrations?
DEP Response: Although MsISEP is not opposed to this approach in concept and the approach
is gaining favor in some areas of the country presently this is not an approved method because of
a lack of understanding regarding how much nitrogen is removed over a specified perical of tim
Some examples of systems where research is being conducted include Long Island Sound (LIS), ,
Wellfleet, and Chesapeake Bay where oysters are being evaluated for remediation but the
complete science is still natell defined. There are also many aokvns that can affect nitrogen
uptake associated with proper management of the beds and it is likely that very large areas of
shellfish may be needed to see measureable improvements.

16)The TMDL is a maximum number, but we can still go lower.
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DEPResponseThe st ateb6s goal i's to achieve designat
nothing however that prevents a Town from implementing measures that go beyond that goal. It
should also be noted that the TMDL is developed conservatively with adactafety included

17)l sndét it going to take several years to reach
DEP Responseéit is likely that several years will be necessary to eshireductions and to see a
corresponding response in the estuary. However, the longer it takes to imipéehugions, the
longer it is going to take to achieve the goals.

18)The TMDL is based on current land use but what about future development?
DEP Response: ThRIEP Study and theMDL also takes buildout into account for each
community.

19)What about innovative technologies?
DEP Response: Through the CWMP there is a push to look at innovative alternatives but they
need to be tested and approved by DEP. Other options to exgsides conventional sewering
include: improving flushingnd increasing opportunés for freshwater attenuation further up in
the watershedwithout worsening water quality)

Verbal comments from the audience noted by MassDEP during thiderring River, and Allen,
Wychmere, and Saquatucket Harbors TMDL Public Meeting,
August 26, 2015Harwich Town Hall:

Audi enc
t

me mber : f
asked i

e dondt see any wupdates by
o do all th do

I
s wor k, wh at i s MassDOT

MassDEP r es pons e: stormiwdtdipermidor MassD@Ttheoegh the Padsell
program. 0

David Young, CDM: fiHerring River gets thré®ld of 0.48 mg/L while Allen, Wychmere and
Saquatucket get 0.50 mg/L. This is higher by 0.02 although a small difference would mean
millions of dollarsof additional treatmerdtthe wastewater treatment plant. How are thresholds
calculated®

Brian Howe, S MA Sechold mrsHerdng Rieedis loweritlde tive goal to restore
eelgrass. This is one of the highest/lenient thresholds for eelgrass amongst the 70 BHER proj
The MEP looks at areas with eelgrass today in comparable estuaries to set the threshold. When
tide is in very good, high quality water comes in from Vineyard Sodind.

41



42



